Groucho Caenorhabditis elegans
Introduction
Correct differentiation of all cell types is the consequence of the precise actions of many genes whose individual expression is temporally and spatially regulated. Identification and analysis of tissue or cell-specific transcription factors (TFs) have made significant contributions to our understanding of the process of gene regulation in development, but understanding how such regulators interact in gene regulatory networks remains an important challenge. mab-9 (male abnormal) was the first member of the C. elegans T-box gene family to be identified (Woollard and Hodgkin, 2000) . The T-box transcription factor family is defined by a 200 amino acid DNA binding domain, the T-box, which was named after the founding member mouse T (Tail defect) (Wilson and Conlon, 2002) . T-box genes have been found in a wide range of metazoans, from sponges (Adell et al., 2003) to vertebrates (Herrmann and Kispert, 1994) and they are involved in many crucial aspects of development (Agulnik et al., 1996; Mikhailov et al., 2009; Naiche et al., 2005; Yamada et al., 2007) . T-box proteins have been shown to function as both transcriptional activators or repressors, depending on context (Plageman and Yutzey, 2004) . In C. elegans, mutation of mab-9 transforms the fate of the male-specific blast cells B and F towards that of their anterior neighbours, leading to gross male tail deformities (Chisholm and Hodgkin, 1989) . mab-9 is also expressed in the 0925-4773/$ -see front matter Ó 2010 Elsevier Ireland Ltd. All rights reserved. doi:10.1016/j.mod.2010.09.005 posterior hypodermis and is required for certain aspects of hypodermal morphogenesis (Appleford et al., 2008) . In addition, mab-9 mutants of both sexes are uncoordinated (Unc) for backward movement, suggesting a role for mab-9 in the nervous system (Chisholm and Hodgkin, 1989; Woollard and Hodgkin, 2000; Pocock et al., 2008) . Indeed, mab-9 has recently been shown to be expressed in ventral cord nuclei, and required for axon guidance in a sub-set of motor neurons (Pocock et al., 2008) . As in most animals, the nervous system represents the most complex organ of C. elegans, containing over 35% of the somatic cells in a hermaphrodite and being composed of at least 118 different neuron classes, specified by differential gene expression. Thus, transcriptional circuitry is very important in defining neuronal function. Evidence suggests that it is the unique combination of gene regulatory factors present in a given neuron class (a combinatorial code) that determines its fate, rather than there being a single ''master-regulator'' for each class or sub-class of neuron (reviewed in Hobert, 2005) .
Given the variety of expression sites and functions of mab-9 in C. elegans, including expression in a sub-set of motor neurons, we chose mab-9 regulation as an interesting model in which to investigate how gene expression signatures are determined. We searched for transcription factors that may be involved in regulating mab-9 expression by means of an RNAi screen. Our screen shows that unc-4 silencing by RNAi de-represses expression of mab-9::gfp in posterior DA motor neurons. Furthermore, over-expression of unc-4 silences mab-9 expression. unc-4 encodes a homeodomain transcription factor protein with homologues in Drosophila and vertebrates and has been shown to control the transcription of various neuronal genes in both Drosophila (Winnier et al., 1999) and C. elegans (Hayashi and Scott, 1990; Miller et al., 1992) . In C. elegans, VA and VB motor neurons synapse with different interneurons and UNC-4 is one of the transcription factors involved in the formation of appropriate synapses in VA motor neurons in the ventral nerve cord. In unc-4 mutants, therefore, VA motor neurons are mis-wired with inputs from interneurons that normally innervate VB motor neurons (Miller et al., 1992; White et al., 1992) . The expression of UNC-4 in VA, but not VB motor neurons, is therefore important to prevent the adoption of VB-type inputs (Miller and Niemeyer, 1995) . UNC-4 is similarly required to repress DB fate in DA motor neurons, suggesting that UNC-4 regulates several different target genes to control neuronal identity. Transcriptional repression by UNC-4 requires the co-repressor UNC-37 (Miller et al., 1993; Pflugrad et al., 1997) , which is highly similar to a family of transcriptional co-repressor proteins that includes Drosophila Groucho (Gro) and vertebrate homologues (Hartley et al., 1988) , known as the Gro-TLE family. We find that unc-37 silencing de-represses mab-9 expression in an identical pattern to unc-4, suggesting that mab-9 is a novel UNC-4/UNC-37 target gene in motor neurons. Furthermore, our data suggests that MAB-9 itself may function to repress neuronal target genes via an interaction with UNC-37, supporting the idea that multiple repressive interactions mediated by UNC-37/Groucho help specify neuronal identity.
Results

unc-4 was isolated in an RNAi screen for novel regulators of mab-9 expression
We investigated the expression of mab-9 using a rescuing mab-9::gfp reporter construct containing 5 kb of sequence upstream of the translational start site, combined with GFP fused in-frame and the endogenous 3 0 non-coding sequence (strain AW1). The normal expression pattern for this mab-9::gfp construct has been previously reported, and includes the male-specific blast cells B and F, posterior hypodermal nuclei, and a sub-set of motor neurons (Woollard and Hodgkin, 2000; Appleford et al., 2008; Pocock et al., 2008) . There are 113 motor neurons in C. elegans (out of 302 neurons in total), with most of them belonging to 8 distinct classes (AS, DA, DB, DD, VA, VB, VC and VD). These ventral nerve cord (VNC) neurons are scattered along the VNC and send processes to the dorsal cord via commissures, thereby creating a longitudinal, synaptic fate map onto the body muscles. mab-9 is expressed in the embryonic VNC nuclei (DA, DB, and DD), and post-embryonically in AS and VD neurons (Pocock et al., 2008) . Although mab-9 expression is bright in anterior and mid-region DA neurons (up to DA7), it is very faint, or not visible at all, in posterior DA motor neurons of the pre-anal ganglion (PAG) (DA8 and DA9, Fig. 1 ). In contrast, mab-9::gfp is strongly expressed in the posterior VD motor neurons VD12 and VD13 (Fig. 1) . We tested each of the 657 transcription factor genes available in the Ahringer Lab RNAi feeding library (Fraser et al., 2000; Kamath and Ahringer, 2003) for effects on mab-9::gfp expression and our screen suggested several candidate genes (approximately 72 in the first round of screening, narrowed down to 8 in the second round) that caused changes in mab-9::gfp expression. We also noted 121 transcription factor genes which, when inactivated, lead to a Mab (male abnormal) phenotype, although not all of these led to an alteration of mab-9::gfp expression (Supplementary table 2) . This is the first C. elegans RNAi screen that has shown the involvement of a large number of TF genes in male tail development. mab-9 itself was picked out in our screen, as complete silencing of mab-9::gfp was observed in this case, together with a Mab phenotype (data not shown). This acted as a positive control, confirming that our screening system was working reliably. unc-4 was identified in the screen and chosen for further analysis as it caused consistent and specific up-regulation of mab-9 when silenced.
2.2.
UNC-4 represses mab-9 expression in posterior VNC neurons unc-4 RNAi by both feeding and injection, was found to induce a marked and consistent increase of mab-9::gfp expression in DA8 and DA9 motor neurons in the pre-anal ganglion (Fig. 2) . Increase of mab-9 expression in more anterior DA motor neurons was not observed, but these neurons express mab-9::gfp strongly in WT animals anyway, as discussed in Section 2.1. Consistent with the RNAi result, we found that unc-4 mutant animals (strain AW320 (contains unc-4(e120), mab-9::gfp and unc-47::rfp)) also showed increased mab-9 expression in the DA8 and DA9 motor neurons of the PAG in 100% of worms (n = 50) (Fig. 3 ).
Next, we tested whether over-expression of unc-4 results in the opposite effect, i.e., repression of mab-9 in the PAG. To address this we used the strongly inducible heat-shock promoter hsp16.2 (pPD49.78), which induces high level expression in hypodermis and all neurons, to drive expression of unc-4 cDNA (construct pAW361: hsp16.2::unc-4). AW280 animals (containing mab-9::gfp, unc-47::rfp and hsp16-2::unc-4) were indeed found to display reduced mab-9::gfp expression in the pre-anal ganglion following heat shock (Fig. 4) . After heat-shock treatment, 75% of AW280 animals (n = 100), showed a reduction of mab-9::GFP in the pre-anal ganglion, as well as in other VNC neurons and posterior hypodermal nuclei, compared with control animals containing only the empty hsp-16.2 vector (Fig. 4) . In contrast, no obvious change in mab-9::gfp expression was consistently observed following heat shock in B and F, where hsp16-2 is not thought to drive high level expression. In other words, forced expression of UNC-4 in a variety of cell types causes mab-9 expression to be repressed.
2.3.
UNC-37 also represses mab-9 expression in posterior VNC neurons UNC-4 activity requires physical interaction with UNC-37/Groucho (Miller et al., 1993; Pflugrad et al., 1997) , and it has previously been shown that UNC-4 repression of ceh-12 in posterior VA neurons is mediated by interaction with , 1997) , which also express mab-9::gfp. DA8 and DA9 motor neurons are found between DD6 and VD13, and display very weak mab-9::gfp expression (white arrowhead), in contrast to more anterior DA motor neurons (Pocock et al., 2008) In fact, only 25% of animals show this pattern of PAG expression. In 75% of animals carrying these markers, expression of mab-9::gfp in DA8 and DA9 is not detectable at all. (B) GFP-only view. (C) RFP-only view. Both mab-9::gfp and unc-47::rfp are integrated. Posterior is to the right and dorsal is up. Scale bar 10 lm.
UNC-37. Therefore, we tested whether mab-9 neuronal expression was also altered in unc-37(e262) mutants. We found that mab-9::gfp expression in unc-37(e262) animals (strain AW38) was increased in 100% (n = 50) of the animals in the pre-anal ganglion, similar to the effect in unc-4 mutants (Fig. 5 ).
Physical interaction between MAB-9 and UNC-37
Intriguingly, a 2-hybrid screen with MAB-9 as bait yielded multiple hits on UNC-37. Out of 1.4 · 10 6 clones screened, 22
plasmids strongly and specifically interacting with MAB-9 were identified. Sequencing revealed that 12 of these corresponded to unc-37. UNC-37 was confirmed as a strong physical interactor with MAB-9 in yeast 2-hybrid assays (data not shown). Furthermore, the axon migration defect displayed by mab-9 mutants is significantly enhanced in mab-9; unc-37 double mutants (Fig. 6 ). Taken together these data support the hypothesis of a physical interaction between MAB-9 and UNC-37, which is likely mediated by a conserved eh1 domain (known to recruit co-repressors of the Gro-TLE family) in the N terminus of MAB-9 (Fig. 6F ). Our findings therefore suggest that MAB-9 is subject to transcriptional control by an UNC-37 containing complex in motor neurons, whilst also interacting directly with UNC-37 to control other aspects of neuronal function. Thus, our data support the idea that multiple repressive interactions mediated by UNC-37/Groucho help specify neuronal identity and function.
Discussion
The role of UNC-4 in mab-9 regulation
In our study, we showed that unc-4 silencing or mutation up-regulates mab-9 expression in posterior DA motor neurons, whereas over-expression of unc-4 reduced mab-9 expression in the pre-anal ganglion and other nuclei, confirming the role of unc-4 in repression of mab-9. We found similar up-regulation of mab-9 expression in an unc-37 mutant, consistent with previous observations that UNC-4 interacts with UNC-37 in the repression of VB-target genes in A-class motor neurons (Von Stetina et al., 2007) . Although we cannot exclude the possibility that UNC-37 could act through an UNC-4 independent route to repress mab-9 expression, the most likely interpretation of our data is that mab-9 is a novel target of the UNC-4/UNC-37 transcriptional repressor complex in posterior ventral cord neurons. It is not possible to distinguish from the data presented, whether repression of mab-9 by UNC-4/UNC-37 is direct or indirect.
3.2.
Neuronal UNC-4 repression effects are observed largely in the posterior part of the body Although mab-9 expression is normally observed in anterior and mid-body DA neurons (up to DA7), it is down-regulated in posterior DA neurons of the PAG in WT animals. We have shown that this repression is dependent on UNC-4. It AW242 animal subjected to unc-4 RNAi by feeding. DA8 and DA9 are detected with a significantly higher intensity of mab-9::gfp, compared with the control. PDA is slightly out of the focal plane in this image and was not usually observed as having a reduced level of mab-9::gfp expression following unc-4 RNAi. Both mab-9::gfp and unc-47::rfp are integrated. Posterior is to the right and dorsal is up in both panels. Scale bar 10 lm.
is intriguing that another study also reports repression of the homeobox gene ceh-12 in posterior motor neurons by UNC-4 (this time in VA rather than DA motor neurons). VA motor neurons are mis-wired in unc-4 and unc-37 mutants, forming aberrant gap junctions with AVB interneurons (Von Stetina et al., 2007) . This was originally observed in EM reconstructions of serial sections, but has also been assayed using UNC-7::GFP, allowing visualization of AVB-VNC motor neuron gap junctions (Von Stetina et al., 2007) . In ceh-12; unc-4 double mutants, mis-wiring defects are suppressed in posterior VA motor neurons, consistent with the localized de-repression of ceh-12 in posterior VA motor neurons (Von Stetina et al., 2007) . Thus, ceh-12 appears to be a posterior target of UNC-4 required for VA-specific neuronal wiring. Presumably a parallel pathway acts downstream of UNC-4 in the anterior, as anterior VA wiring defects are observed in unc-4 mutants (White et al., 1992) . Studies of UNC-7::GFP localization also reveal mis-wiring of DA motor neurons in unc-4 mutants (Von Stetina et al., 2007) . It is certainly true that animals over-expressing mab-9 from the heat-shock promoter are severely backwards Unc, whereas forwards locomotion is relatively normal (Woollard and Hodgkin, 2000) . Perhaps mab-9 is a posterior target of UNC-4, whose repression is required for DA-specific wiring, or some other aspect of DA function required for normal backwards locomotion.
3.3.
Role of UNC-37 in mab-9 regulation
We showed that mab-9::gfp expression is enhanced in the preanal ganglion in an unc-37(e262) mutant background, in a similar pattern to that observed in unc-4 mutants. We also identified UNC-37 as a strong MAB-9 interactor in a twohybrid screen and observed synthetic neuronal defects in mab-9; unc-37 double mutants. This latter data is complicated to interpret, however, as synthetic enhancement phenotypes are often indicative of two genes acting in parallel pathways, and we cannot exclude this interpretation. In the case of a transcription factor and its DNA binding partner, however, synthetic effects may be expected if each member of the transcriptional complex has weak activity alone (or perhaps in conjunction with some other factor) but activity is completely abolished if both members of the complex are inactivated. In the case of MAB-9 and UNC-37, this seems to be a likely explanation for the synthetic neuronal phenotype observed in the double mutant. unc-37 encodes a Groucho homologue that has previously been shown to act as a co-repressor for UNC-4 by binding to a conserved Engrailed-like repressor domain (eh1 domain) in UNC-4 (Smith and Jaynes, 1996; Winnier et al., 1999) . MAB-9 contains a similar eh1 domain and this is presumably the site of interaction with UNC-37 (Fig. 6) . Thus, mab-9 appears to function both as a target of UNC-4/ UNC-37 mediated repression in posterior DA motor neurons DA8 and DA9 motor neurons display high level expression of mab-9::gfp (white arrow). (D) DIC plus GFP-only view of C. Both mab-9::gfp and unc-47::rfp are integrated. Posterior is to the right and dorsal is up in all panels. Scale bar 10 lm.
and also as a binding partner for UNC-37 in the repression of genes involved in axon migration. It is conceivable, of course, that the interaction between UNC-37 and MAB-9 mediates the repression of mab-9 in some way, but we have no evidence to suggest that mab-9 is subject to autoregulation. For example, a mab-9 promoter only GFP construct does not show altered expression in a mab-9 mutant background compared with WT (AW, unpublished observations). Thus, the most likely interpretation of our data is that UNC-37 has two separate relationships with MAB-9, the first involving repression of mab-9 expression (likely in conjunction with UNC-4) and the second involving direct interaction with MAB-9 protein, resulting in the regulation of unidentified target genes.
Strikingly, a common feature of neuronal cell fate induction (and not just in C. elegans) is the frequent use of negative gene regulation to distinguish neurons. Repressive interactions seem to operate at several different levels, from the choice between ''neuronal'' and ''non-neuronal'' fates to the choice between neuronal subtypes. Thus, cell fate induction can be viewed as a ''de-repression'' phenomenon, often involving the deployment of Groucho type co-repressors. In C. elegans, this is exemplified by UNC-4 recruiting UNC-37 to repress VB fate in VA motor neurons by repressing the expression of the VB specific ceh-12/HB9 homeodomain transcription factor (Von Stetina et al., 2007) . The vab-7 homeobox gene (an evenskipped homologue) in turn induces DB fate by repressing the expression of UNC-4, which, together with UNC-37, acts to repress DB fate (Esmaeili et al., 2002) . In the vertebrate spinal cord, the function of homeodomain transcription factors expressed by neural progenitor cells again depends on a conserved eh1 motif that mediates the recruitment of Gro/TLE co-repressors (Muhr et al., 2001 ). Thus, groucho-mediated transcriptional repression of transcription factors appears to be a highly conserved mechanism of neuronal cell fate determination.
The notion that UNC-4/UNC-37 transcriptional targets may function regionally along the A-P axis is an intriguing one. The mammalian UNC-4 homologue UNCX4.1 is known to be expressed in neural progenitors, although target genes have yet to be identified. It will be interesting to see if these display any regional bias.
4.
Experimental procedures
Strains and C. elegans maintenance
Wild-type C. elegans strains used in this project were derived from the Bristol strain N2 (Brenner, 1974; Sulston and Hodgkin, 1988) . Worms were maintained at 20°C using standard . Animals were heat shocked for 40 min at 33°C to induce over-expression of unc-4 in neurons and hypodermis. Heat-shock treatment eliminated mab-9 expression in the pre-anal ganglion (all neurons) and in hyp-7 nuclei. Only unc-47::rfp is visible, as well as mab-9::gfp expression in B and F, which would not be expected to exhibit high level heatshock induced unc-4 over-expression. Posterior is to the right and dorsal is up in all panels. Scale bar 10 lm.
methods (Sulston and Hodgkin, 1988) and all strains were obtained from the C. elegans Genetics Center (CGC), unless stated otherwise. Differential Interference Contrast (DIC) and fluorescence images were captured using a Zeiss AxioSKOP2 microscope with the Zeiss AxioCam MR digital camera. The software used was AxioVision version 4.5 for Windows XP.
RNAi by feeding
RNAi by feeding was done as previously described (Kamath et al., 2001 ). For each of the genes of interest, two plates were seeded with 130 ll liquid bacteria, and then allowed to dry overnight at room temperature. The following day, 3-4 L3-L4-stage hermaphrodite worms containing an integrated mab-9::gfp reporter construct (strain AW1: mab-9(e2410); him-8(e1489); Is34[mab-9::gfp + pCes1943]) were transferred onto the first plate containing seeded bacteria expressing dsRNA and incubated for 36-40 h at 22°C. Then, 2-3 L4 worms (F1 generation) were transferred onto the second plate, seeded with the same bacterial clone. F2 progeny were examined with a GFP-microscope to detect any alteration in the mab-9::gfp expression pattern. We performed an RNAi screen on the 657 transcription factor genes available as clones in the Ahringer Lab feeding library (Fraser et al., 2000) out of the total of 1015 transcription factors identified in the C. elegans genome by searching using Gene Ontology (GO) terms. Candidate genes identified in the first round of screening were retested in a second round, and good candidates were subsequently re-tested using RNAi by injection.
RNAi using in vitro synthesized dsRNA
Template DNA for dsRNA synthesis was amplified by PCR using primers complementary to the T7 promoter sequence: TAATACGACTCACTATAGGG and amplified from the feeding RNAi vectors (L4440 backbone). PCR products of the correct length, comprising mostly exonic sequence, were verified by agarose gel electrophoresis. Template DNA was purified using the Qiaquick Gel Extraction Kit (QIAGEN). dsRNA was prepared as described by standard methods (Fire et al., 1998) and was injected at a concentration of 1 mg/ml. After recovery from injection, animals were allowed to lay embryos for 6 h and then transferred to fresh plates, with the F1 generation being subjected to microscopic examination.
Transgenic animals
Plasmids were prepared with the Qiagen miniprep kit (Qiagen) and micro-injected into the hermaphrodite gonad at 10-50 ng/ll, as previously described (Mello and Fire, 1995) using one of the following co-injection markers: rol-6(su1006) (Mello et al., 1991 ), unc-122::rfp (Loria et al., 2004 , or unc-119 rescue construct (Maduro and Pilgrim, 1995) . Transformants were selected on the basis of containing the appropriate marker and stably transmitting lines were selected for subsequent analysis. Several transgenic lines were generated for each construct examined. Supplementary table 1 describes all transgenic strains used in this study.
4.5. unc-4 heat-shock construct unc-4 cDNA was extracted from the pBS-U4.1 construct (gift from D. Miller, Vanderbilt University) with KpnI and StuI and inserted into pPD49.78 to generate the hsp16.2 driven unc-4 construct, pAW361. The transgenic line generated for pAW361 and described in this study is AW280. As a control AW281 was also made which is a line containing empty pPD49.78. All clones were sequenced prior to use and single worm PCRs were performed to confirm the presence of the correct plasmids in each line.
Heat-shock treatments
In each case, the most highly transmitting line was selected for analysis. A large population of these strains were then grown on several large NGM plates and synchronized by bleaching to produce a pure egg pellet that was then hatched in the absence of food such that the hatchlings arrested synchronously in L1. These larvae were then plated onto several large NGM plates and allowed to develop for varying periods of time before being subjected to heat-shock at 33°C for 1 h in a water-bath. The worms were mounted for microscopy and examined. The temperature and the period of heat-shock treatment for unc-4 over-expression were adjusted and several different regimes were considered. The most reproducible results were obtained after heat-shock treatment for 1 h at 33°C in the embryonic stage, followed by 40 min heat shock at 33°C in each larval stage (L1-adult).
Yeast two-hybrid screen
Full-length mab-9 cDNA was cloned into two-hybrid vector pGBKT7 (Clonetech MATCHMAKER Two-hybrid System 3) to make plasmid pAW540. Yeast strain AH109 contains HIS3 and ADE2 and a LacZ reporter, allowing two-hybrid interactions to be identified by His and Ade prototrophy as well as b-galactosidase expression. Firstly, AH109 yeast was transformed with the mab-9 bait plasmid alone and found not to yield colonies growing under selective conditions (SD-TrpAde-His). Thus, this bait alone did not activate transcription, suggesting that MAB-9 does not contain a strong transcriptional activation domain that is active in yeast. AH109 yeast containing the mab-9 bait plasmid was then co-transformed with the oligo-dT primed pACT-RB1 cDNA library (kindly provided by R. Barstead, Oklahoma) and a screen was performed. (E) Quantification of axon guidance defects in mutant animals. unc-37 enhances the mab-9 axon guidance defect. Data are presented as percentage axon guidance defects (per animal) ±sem. Sample sizes were as follows: WT: n = 33, mab-9: n = 57, unc-37: n = 46, mab-9; unc-37: n = 48. (F) comparison of MAB-9 eh1 domain (putative UNC-37/Groucho interaction domain, amino acids 22-28) with those of UNC-4 and engrailed family members of other organisms.
Yeast cells were plated directly onto selective media (SD-LeuTrp-Ade-His). Colonies that grew after 3-7 days at 30°C were confirmed by re-streaking and then testing on plates containing X-gal. Blue/white screening was performed using a colony-life filter assay according to Clonetech instructions. Colonies growing reproducibly under selective conditions and expressing lacZ were subjected to further analysis. Library plasmids were extracted from putative positives, transformed into E. coli, and then re-transformed into AH109 containing an empty bait plasmid and tested for growth on SD-Leu-Ade-His. Any clones growing under these conditions were excluded from further analysis. Finally, remaining positives were re-transformed into AH109 containing mab-9 bait plasmid and growth on SD-Leu-Ade-His-Trp as well as lacZ expression was confirmed. The identity of C. elegans cDNAs encoding MAB-9 interacting proteins was then analysed by sequencing using primer FpGAD-2 (5 0 AACCACTGT-CACCTGGTTG 3 0 ) followed by BLAST analysis.
Axon migration assay
Axon migration was analysed in worms expressing an integrated Punc-25::gfp construct (strain CZ1200, juIs76[Punc-25::gfp] a kind gift from Yishi Jin). unc-25 encodes the enzyme glutamic acid decarboxylase that converts glutamate to c-aminobutyric acid (GABA) -an inhibitory neurotransmitter expressed in 19 D-type neurons in the VNC. The Punc-25::gfp reporter is expressed throughout each of these neurons enabling the position and morphology of each cell body and axon to be visualized. 17 of the D-type neuron circumferential processes run on the right side of the worm and the other two (DD1 and VD2) often fasciculate and run on the left side (Huang et al., 2002) . Phenotypic analysis of axon guidance defects was performed by counting the number of commissures on the right side of the worm, including DD2-6 and VD1and 3-13, that did not reach the dorsal cord within a single animal. The number of defects was divided by 17 in order for the data to be expressed as a percentage defect.
